The upstream electron and ion fluxes detected by our experiment on ISEE 1/2 spacecraft undergo frequent time variations, from a few seconds to minutes. Many flux variations correlate with directional changes of the interplanetary magnetic field (IMF). Particles propagating in the upstream region acted on by the solar wind electric field creates a quasi-stationary particle pattern in space. Evidently, the spacecraft frequently crosses the boundaries of these particle patterns. Our analysis strongly suggests that the particle time variations are usually spatial variations that have been convoluted into our data. Estimates of the thickness of the particle boundaries deduced is •>1 Larmor radius (for both the upstream electron and the ion events). Plasma waves are observed in association with the upstream particle fluxes and a correlation between the amplitudes and the particle boundaries is suggested. We will theoretically show that the ion and electron density gradients across the boundary play an important role in exciting the ion acoustic-like and plasma waves.
. The other consists of particles over broad pitch-angle ranges, and this population has been referred to as 'diffuse.' The diffuse population is accompanied by hydromagnetic waves [Paschmann et aL, 1979] , and the energy spectrum of this component is somewhat harder than that of the reflected component [Gosling et al., 1978] .
The plasma characteristics of the energetic upstream elec- Both upstream ion and electron fluxes detected on ISEE are accompanied by intense plasma waves [see Anderson et al., this issue, and references therein], the ions by ion acoustic-like waves, and the electrons by high frequency electron plasma oscillations and also by ion acoustic-like waves lower in frequency than those accompanying the ion fluxes. The amplitudes of these plasma waves are considerably enhanced whenever our experiment records large changes of particle fluxes. It will be shown in this paper that these particle flux changes can be related to spatial variations and that the flux changes signify that the spacecraft is crossing a particle boundary. We then study the correlation of wave enhancements at these particle boundaries. It will be shown that these waves can be driven by ion and electron flux gradients (a complete theoretical treatment of this problem will be given in Wu et al. [1980] Figure 1 . The data shown represent high-resolution particle data (32 data points per second). Also shown in Figure 1 . We now demonstrate below that electron fluxes decrease (for example, at 1540 UT) because the IMF changes direction, which puts the spacecraft on lines of force not connected to the shock surface. Our analysis given below follows the approach outlined in Filbert and Kellogg [1979] .
Consider an upstream particle with a velocity V and a pitch-angle a propagating in the solar wind. This particle will be convected in the direction perpendicular to the inerplanetary magnetic field B, due to the solar wind electric field. If B were uniform and the particles were not subject to other forces, the guiding center velocity VGc of the particle is VGc --Vii + Vd where the parallel refers to the direction relative to B and Vii = IVI cos a. Here a is the particle pitch angle. Vd, the drift velocity, is due to the solar wind and is E x B/B 2 = B x (Vsw x B)/B 2. The magnitude of Vu is IVl sin •, where
• is the angle between Vsw and B. We now apply these equations to our data.
Our studies are conducted in a frame in which the IMF and the position vector of the spacecraft are in the same plane (see Figure 2a, 2b, 2c) . To obtain this geometry, we first rotate the IMF measured in the GSE system about the X axis so that IMF is now in the XZ plane. We then translate the spacecraft position vector in the Y direction (in the new system) so that the spacecraft and the IMF are in the same plane. Another rotation about the Y axis is made so the IMF is along the Z axis. One can then compute where on the bow shock surface the observed IMF intercepts it (the shape of the bow shock is assumed to be a parabalold as described by Filbert and Kellogg 
These particles will be detected by a spacecraft if the spacecraft is located at a point in space such that the particle propagation vector (given by (1)) intercepts the spacecraft. Since tan • is inversely proportional to the particle parallel velocity, higher energy particles make smaller angles than the lower energy particles. If we assume that particles of all energies are emitted from the origin, an energy-dependent particle pattern is formed in space and the spacecraft is immersed in this particle pattern.
At a given location in space, the spacecraft will detect particles according to (1). Given that a spacecraft were detecting particles with a certain 8, the spacecraft will also be able to detect particles with smaller •'s (higher energy particles) if these particles were emitted by the shock. Particles with larger • will not be detected because these particles are swept farther downstream of the spacecraft by the solar winds.
The above analysis indicates that if our particle data could be correlated and organized by the directional changes of IMF and by (1), the indications are that we are detecting spa- shows a four-point estimate of the electron energy spectrum derived from these events. The energy spectrum can be fitted by a power law, E -3'8. This energy spectrum represents a rough estimate since no attempt was made to correct for Compton-Getting effects. (However, this correction, which will harden the spectrum, is only a few percent.) The significance of this spectral form is not understood. We note, however, this spectral form is very similar to the upstream ion energy spectrum as reported in Lin et al. [1974] .
Upstream ions. The upstream ions (for the analysis to follow, we will assume that the ions are predominantly protons), Our main interest is to emphasize that many of the particle fluxes are actually spatial variations. For example, at the termination of the particle event around 2123:20 UT, the magnet field was fairly steady (Figures 7 and 8c) . The signatures here support the picture that a particle boundary was crossed at the termination of the event at 2123:20 UT: the 5.4-6.6 keV proton boundary was detected ~ 10 s longer than the 1.3-1.7 keV boundary. Recall that this feature is consistent with the prediction of (1). Assume that the particle boundary sweeps by the spacecraft at the solar wind speed (280 km/s). The proton fluxes drop to below the detection level in a few seconds of time, giving an estimated thickness of the proton boundary of about 250-1000 km. This dimension is comparable to the Larmor radius of 1.5 keV protons in 10¾ field.
The variations of particle fluxes during the magnetic oscillations are not as easy to interpret. In part, the reason is that some of the magnetic variations occur more rapidly than the gyroperiod of protons (~ 10 s). During such intervals, the particle dynamics are not describable by the adiabatic theory, and our method is not applicable. It is beyond the scope of the present study to discuss the behavior of particles in such a rapidly changing magnetic field. However, during slower oscillations, there are particle signatures that are consistent again with the predictions of (1). For example, note the profiles at 2117 UT and 2218:40 UT. The higher energy protons in both of these instances lead the low energy fluxes (we have also examined the •> 19 keV and •>42 keV proton channels and observed that these energy protons are detected even earlier (not shown)). Our conclusion is that some of the particle fluxes changes encountered during slow magnetic oscillations are due to the crossing of the particle boundaries by the spacecraft.
The difficulty of demonstrating these spatial variations during the event arises from the presence also of temporal variations. For example, when the relative intensities in the two energy intervals change (2116:15 UT), the energy spectral hardness of upstream protons is being changed. This observation can be interpreted to mean that the shock acceleration mechanism is extremely dynamic as changes in spectral hard- Figure 10 shows the upstream ion data shown in Figure  7 together with the plasma wave data. These figures suggest that the plasma wave amplitudes might be enhanced when there are large changes in the particle fluxes. We have looked into the possibility how the observed proton and electron gradients could enhance the plasma waves. Below, we show theoretically that the few keV particle gradients could contribute toward exciting waves with frequencies ranging from that of the ion sound waves to that of the Langmuir waves. (It is appropriate to point out here that a proper way to establish whether a correlation exists between two sets of noisy particle and wave data requires that a statistical analysis be per- formed. This analysis will be made, and when the results are available, they will be reported.) To facilitate our discussion we introduce a coordinate system in which the density gradient of the energetic particles is in the X direction and the ambient magnetic field B0 is parallel to the Z axis. The solar wind plasma is considered to be homogeneous. In view of the fact k. From (3) we find that the condition for excitation is that the plasma waves might be excited by a small population of energetic particles, these waves must be weakly damped when the upstream particles are absent. Thus, we shall pay special attention to those modes which are easily excitable by the density gradient effects in the appropriate frequency ranges. We suggest three wave modes which are relevant. The wavelengths of interest to us satisfy the inequalities k2?•e 2 << 1 and k2ve 2 >> 2•e 2 where 2•e is the Debye length. Of course, in addition we require n2gte 2 >> k2v• 2 so that ion Landau damping is very small. In short we find that (6) can be easily satisfied with parameters compatible with observations. A detailed discussion is presented in a separate paper [Wu et al., 1980] . Although in (6) we have only considered upstream ions, it can be shown that the density gradient of the upstream electrons may also excite the aforementioned waves. This point can be discussed in a somewhat similar manner. However, in this case the upstream energetic electrons must be considered to be magnetized. Their contribution to the dispersion equation can be easily derived from existing theory [Mikhailovskii, 1974] .
Mixed ion-electron oscillations with frequencies above
3. Electron Langmuir waves with frequencies much higher than the gyrofrequency. For these high frequency waves, the dispersion relation takes the form which can be satisfied easily as long as k2•, << 1. Again the details will be discussed in a separate paper by I, gu et al. [1980] . To summarize we conclude that both the diamagnetic cross field drifts associated with the upstream ions and electrons can result in the excitations of plasma waves. However, the inhomogeneous energetic ions cannot excite the high frequency Langmuir waves, whereas the electrons can excite both ion sound waves near electron cyclotron harmonics and Langmuir waves. For the lower frequency waves, the typical phase velocity is several times the ion thermal speed. Thus, the Doppler shift in the satellite frame may be significant. However, for the high-frequency Langmuir waves, the Doppler effect is expected to be negligible.
Finally, we remark that waves with frequencies as high as 100 kHz have been observed as shown in Figure 9 . In the present case the electron plasma frequency is estimated to be slightly below 37 kHz for ns • 15 cm -3. It is not clear to us what is the nature of those waves with f > 31.1 kHz. One possible explanation is that these waves may have frequencies much lower than the plasma frequency but are significantly Doppler shifted. Whether this explanation is reasonable remains to be studied.
CONCLUSIONS
The analysis of the bow shock accelerated upstream electron and ion events has led us to conclude that our data can be organized within a framework of a simple model in which the particles propagating in the upstream region are acted on by the solar wind electric field. The spacecraft is immersed in a particle pattern and the energy of the particles the spacecraft can detect is governed by (1). When the solar wind velocity and/or the magnetic field direction changes, the spacecraft will travel through this particle pattern and as a result will cross different energy particle boundaries, subject also to local temporal dynamics. Many of the flux changes that we detect are consequences of such boundary crossings, and we have deduced that these boundaries are extremely sharp (•Larmor radius).
Wave-particle correlation data indicate that both electron and ion associated plasma waves are enhanced across these particle boundaries. We suggest that the diamagnetic drifts associated with the density gradients of the upstream particles can be the cause of excitation. Theoretically, we find that upstream ions cannot excite Langmuir waves because the frequencies are too high to satisfy the condition for excitation. However, the upstream electrons can excite both low and high frequency waves. This finding is consistent with observations shown in Figures 9 and 10. 
